A number of earlier authors have investigated the consequences for fitness of gene differences affecting the expression of a primary character where stabilising selection is acting in favour of an optimal expression. Assuming that the mean expression must be at or close to the optimum, deviations from the mean have been taken as measures of the deviation from the optimum, and the conclusion reached that, random drift apart, stabilising selection must ultimately lead to fixation of the commoner allele. It is now shown that this approach is incorrect: in an illustrative example the mean cannot be taken as synonymous with the optimum except in the trivial case where they have precisely the same value. Where the mean departs from the optimum, even by sampling variation only, continuing selection for it is effectively self-propagating and directional away from the optimum. Deviation from the optimum itself must be used in investigating the consequences of stabilising selection.
A number of earlier authors have investigated the consequences for fitness of gene differences affecting the expression of a primary character where stabilising selection is acting in favour of an optimal expression. Assuming that the mean expression must be at or close to the optimum, deviations from the mean have been taken as measures of the deviation from the optimum, and the conclusion reached that, random drift apart, stabilising selection must ultimately lead to fixation of the commoner allele. It is now shown that this approach is incorrect: in an illustrative example the mean cannot be taken as synonymous with the optimum except in the trivial case where they have precisely the same value. Where the mean departs from the optimum, even by sampling variation only, continuing selection for it is effectively self-propagating and directional away from the optimum. Deviation from the optimum itself must be used in investigating the consequences of stabilising selection.
The model used here is based on the biometrical description of the effects of a gene difference on a quantitative character as used by Mather and Jinks (1982) . This includes a parameter, h, which allows dominance of any magnitude in either direction to be taken into account, and is adapted for the present purpose by introducing an additional parameter, m, measuring the departure from the optimum of the mid-point, or mid-parent, which is used biometrically as the origin for measurement of the gene effects. Assuming random mating and the absence of epistasis in the effects on the primary character, it is shown that stabilising selection acting on a pair of alleles (A and a) can have any one of three possible outcomes depending on the relative values of the m and h which characterise the effects of the gene difference on the primary character, viz: (i) a stable equilibrium in the population where in respect of the primary character Aa is nearer to the optimum than both homozygotes; (ii) fixation of the fitter allele where Aa is intermediate between the homozygotes in its departure from the optimum; (iii) a theoretical unstable equilibrium leading to fixation of the commoner allele, where Aa departs further from the optimum than both homozygotes. Only outcome (i) can lead to the conservation of variation in the population.
Preliminary consideration is also given to the interaction in effect on fitness of two gene pairs affecting the same character and segregating simultaneously in the population.
Published data from two experiments on the properties of the conserved variation for two chaeta characters in the Texas population of Drosophila melanogaster, as revealed by haif-diallel sets of crosses among 11 and 16 inbred lines respectively, are shown to agree with theoretical expectations derived from the present analysis. Some consequences of differences of overall magnitude in the effects of the mutations by which the variation originated are discussed.
I NTRO DU CTI ON
Stabilising selection is generally accepted as the most prevalent type of natural selection, but there has been no similar consensus about the consequences of this type of selection for the genetic structure of random mating populations. Two views have emerged. Using analytical approaches, Wright (1935) , Robertson (1956) , Bulmer (1971) and Kimura (1981 Kimura ( , 1983 have concluded that, random drift apart, continuing stabilising selection will lead to fixation of the more common of two alleles. Kimura (1981) also concludes that under stabilising selection alleles can behave as if negatively overdominant and that then they have a higher chance of fixation by random drift than do unconditionally deleterious mutants with comparable selection coefficients. On the other hand Kojima (1959b) , having first (1959a) derived analytically the conditions (expressed in terms of components of genotypic variance) for stable equilibrium where two or more loci are involved, applies these to the situation where selection value depends on the deviation of the expression of a character from an optimum value, and so obtains the relevant condition for stable equilibria. He illustrates the application of these criteria by numerical examples using two loci with the same effects and concludes that stable equilibria are possible, given partial or overdomirnince on the primary scale of expression of the character.
Kojima's findings were followed up using similar numerical methods by Lewontin (1964) , Jam and Allard (1965) and Singh and Lewontin (1966) and were extended to cover 3 loci, inbreeding and linkage. Again using similar methods but a somewhat different model, Gale and Kearsey (1968) and Kearsey and Gale (1968) also considered the effects of linkage and showed that stable equilibria were possible under stabilising selection, in their case with systems of 2 and 3 linked loci having effects of different magnitude on the character, though not all combinations of linkage disequilibrium and differences of magnitude effects would lead to them.
It is thus of interest to examine further the effects of stabilising selection on allele frequencies and to compare, as far as is possible, the theoretical expectations with such relevant experimental evidence as is available. The consequences of linkage will not, however, be considered. It will be assumed that the population is random mating, that on its primary scale of phenotypic expression the character shows polygenic (quantitative) variation, that the genes governing the variation recombine freely and that they show no epistasis, though they may show dominance.
THEORETICAL CONSIDERATIONS

Single locus
With polygenic variation it is expected that as a result of earlier directional selection the mean expression of a phenotypic character contributing significantly to fitness will be at or close to the optimal expression. It might then be expected that selection for the mean expression will be equivalent to stabilising selection for the optimal phenotype, and indeed Wright (1935) , Robertson (1956) , Bulmer (1971) and Kimura (1981; 1983) all use deviations from the mean as their basis for finding the relative fitnesses of the three genotypes, AA, Aa and aa, at a diallelic locus under stabilising selection. Selection for the mean is not, however, equivalent to selection for the optimum as a simple example will show.
Consider two alleles segregating at random in a population. Following Mather and Jinks (1982) , the allele tending to increase the expression of the character is designated A and the reducing allele a. Dominance is taken to be absent and the gene frequencies, u of A, and v (= 1-u) of a, to be equal. Let the mid-point (M) between the average expressions of AA and aa be at the optimum (0), with AA deviating from it by d and aa by -d. This mid-point is the average expression of Aa and, since u = v = , is also the mean expression of the character in the population. With fitness falling off symmetrically on the two sides of the optimum cum mean the frequencies of the two alleles are at equilibrium.
Suppose, however, that as a result of random drift the frequency of A in the next generation increases to +zu1, that of a being correspondingly reduced. The mean is no longer at the midpoint (which may be taken as 0) but has risen to 2zu1, even though the optimum is still the same. As the earlier authors have shown, selection for this new mean will result in u rising by a further increment, which itself will be proportional to Lu1, to give u=+zu1+iu2. The mean will also rise correspondingly to 2(u1 + Zu2) and further generations of selection will continue the trend of increase in both u and the mean. The selection will thus be chasing an ever-receding mean until ultimately u = 1 and allele A is fixed in the population. This selection has indeed been building up an effect of random drift, but it has not been stabilising selection. Rather it must be regarded as a self-propagating form of directional selection whose effects are similar to a steady trend change in the environment.
When however we treat the mid-point as marking the optimum no matter how far the mean changes, a different picture emerges. The three genotypes will retain the same selective values no matter how the gene frequencies change; Aa, lying at the optimum, will have the greatest fitness, with AA and aa having the fitness of phenotypes whose expressions of the character lie at d and -d respectively from the optimum. So, given that d2 is small by comparison with the variance, 0.2, ofthe character's expression in the population, both homozygotes will have fitnesses less than that of Aa by an amount proportional to d2. This is the classical situation leading to stable polymorphism. In our case the reduction of fitness is the same for AA and aa, 50 SA = Sa. In passing from one generation to the next u will alter by Lu = (uvd2/u2) (VSaUSA) where j7 is the mean fitness of the population, and since Lu is opposite in sign to u -12, where 12 is the frequency at equilibrium, u will move towards 12, and subject to random drift the equilibrium will be stable at 12= 6.
In our example, by contrast with continuing selection for the mean expression, selection for the optimal expression is stabilising: subject to sampling variation, it keeps the mean at the optimum, it counteracts sampling variation rather than facilitating it, and it conserves polymorphism in respect of alleles A and a. Nor is this surprising. The optimal phenotype is that which best enables the individual to cope with the demands made and the pressures imposed on it by the environment. It is determined from the outside and is the property of the individual. The mean expression of the character, on the other hand, is determined by the frequencies of the alleles and their combinations in the population. It affords an estimate of the optimal phenotype only insofar as directional selection has moved it to the optimum and stabilising selection is keeping it there.
The example that we have been discussing is over-simple in that it assumes that dominance is absent and that the mid-point coincides with the optimum. Neither assumption is valid in general. Dominance is a common feature of the gene pairs contributing to polygenic variation and so far as we know may be of any magnitude within the range between complete for the increasing allele and complete for the decreasing allele. (It should be noted that the use of A and a for denoting the increasing and decreasing alleles respectively caraa Aa ries no implication in respect of dominance).
Equally the position of the mid-point in relation to the optimal expression of the character must depend on the direction and size of the effect on the expression of the character of the mutation which gave rise to the allelic difference: only in the unlikely event of the mutation being in the right direction and of just the right size will the mid-point be at the optimum or, also taking dominance into account, the average phenotypic expression of the heterozygote be at the optimum. We must therefore allow in our analysis for both dominance and departure of M the mid-point from 0, the optimum. We thus need two further parameters, h as a measure of the departure of the phenotype of Aa from the mid-point, and m as a measure of the departure of the mid-point from the optimum ( fig. 1 ). Both m and h take sign, and are conveniently measured taking d as the unit. d itself is expressed in units of u, the standard deviation of the frequency distribution, assumed to be normal, followed by x, the expression of the primary character, x being measured from x0 the optimal expression. d, and with it m and h, are assumed to be sufficiently small not to cause significant departure from normality of the sub-distributions which they determine. As already noted, random mating and the absence of both linkage disequilibrium and epistasis in respect of the
PRIMARY CHARACTER (u2) Figure 1 Above: the use of the parameters d and h to represent the differences in expression of the primary character in biometrical terms. The mid-point (M) between the homozygotes is taken as the origin. h may take sign, being negative in the case illustrated.
The frequencies of the three genotypes under random mating are also shown. Below: the adaptation of this system for the analysis of stabilising selection. The optimum phenotype (0) is now taken as the origin and a third parameter (m) is introduced to denote the departure of M from 0. m can also take sign. assumed. The population mean, , ofthe character will be da[ma+(uava)+2uavahaI summed overall the n loci contributing to the variation.
Following Kimura (1981) we define the relative fitnesses of AA, Aa and aa as:
where i and j each can be A or a and xu is the departure of the average phenotype of the relevant A,a from the optimum, corresponding to Kimura's a, which is the departure from the mean;
with f(x) replaced by its first derivative to give b1 and by its second derivative to give b2.
We assume, with Kimura, that both f(x) and
b1/b0=A and b2/b0=2A2-A, where A = 2k/(1+2k). Since following a period of selection towards a stable optimum we expect x not to depart significantly from the optimal expression we assume, again with Kimura, that the mean is at the optimum, i.e., = 0 since we have taken the optimum as the origin for x. Then b1/ b0 =0 and b2/b0= -A.
Taking the values of xy as shown in fig. 1 , and substituting these values for b1/b0 and b2/b0 in equation (1) we obtain:
Apart from A/2 this equation can also be derived, more directly, using Robertson's (1956) approach.
where 2 and i3 denote the gene frequencies at equilibrium, and leaving aside the special cases of u, v, or d = 0, equilibrium is thus achieved when I-u=2m/(1-h2-2mh).
If we write a + e for u and i -e for v in (1) equation (2), and subtract (3) from it, we obtain
Thus where h2+2mh<1, u-i and iXu are of opposite sign and the equilibrium is stable. But if h2 + 2mh> 1, u -a and zu are of the same sign and the equilibrium is unstable. Also, the closer 1 -h2 -2mh approaches to 0, the smaller iu becomes, and the effect of sampling variation relative to selection pressure increases correspondingly.
Taking first our simple example where the midpoint is at the optimum (m = 0) and dominance is absent (h = 0), both homozygotes will be at a disadvantage, d2, relative to the heterozygote which will be at the optimum. Thus zu will always equal (A /2w) uvd2 ( -2e) and the equilibrium will always be stable at a = i= . But if h 0, tu =
and although there will be a stable equilibrium at a = so long as hi < 1, the selective pressure will diminish as dominance increases in either direction. At h = 1 selection pressure vanishes as Lu becomes 0. As Kojima pointed out there will be no equilibrium when dominance is complete. Random sampling will determine the gene frequencies and if fixation occurs it may be of either allele. With over-dominance in either direction, Aa will be less fit than both AA and aa, and instability supervenes, with the consequence that the more frequent allele, whichever it may be, will be favoured by selection.
At the same time, however, this is a situation in which, as Kimura has shown, the chance of an initially rare allele achieving fixation by random drift is enhanced by the "negative over-dominance" which the heterozygote is showing. The situation is more complex when the midpoint is not at the optimum (m 0). From equation (4), when 1 -h2 -2mh >0 and m is positive ui -a = 1 at h = -1 or 1 -2 m, and xAa, the departure of Aa from the optimum expressed in units of d, is then m + h = m -1 or 1 -m, which are equally spaced on opposite sides of the optimum. Furthermore xaa = m -1 is the departure of aa from the optimum when aa is the fitter homozygote. Allele a will clearly move to fixation. When m is negative AA is the fitter homozygote and i -a 1, XAa = giving with m + h is again either 1 -m or m -1: Aa will coincide in fitness with the fitter homozygote, and allele A will move tc fixation. In both cases intermediate values of h will give intermediate values of m + h and the departure of Aa from the optimum on the primary scale will be less than that of even the fitter homozygote. It is easy to show that equilibria wifl then arise and will be stable because tXu and u -are of opposite sign.
These relations are illustrated in fig. 2 for the cases where both m and h lie within the range 1 to -1. It will be seen that, as might be expected, the cases where m is positive and negative are symmetrical in the sense that each is transposed into the other by rotation of the figure through 1800. Stable equilibrium is achieved over a wider range of values of h the smaller m becomes and it is also commoner when h is of opposite sign to m: indeed where mI> it is achieved only When h and m are of opposite sign. Thus (6-i) h must be negative in the majority of cases. The importance of this relation will become clearer when we turn to consider the experimental evidence later. Equilibria between the frequencies of the two alleles can arise only when 6-a = 2m/(1-h--2mh) lies between 1 and -1, which requires that 2m <1 -h2-2mh. When 2m> 1-h2-2mh, 6-a becomes either >1 or <-1 according to the sign of m. This is genetically impossible and the allele giving the fitter homozygote will become fixed just as it does when 6-a = 1 or -1.
1-h2-2mh will change sign when h2+2mh moves from being <1 to being >1. This change takes place when 1-h2 -2mh = 0, which requires that_h=_m±../m2+1, which gives xAam+h
These two values are again equally between the homozygotes and the allele giving the fitter one is expected to go to fixation; and when XAa is <-(m + 1) or > m + 1, Aa is less fit than both homozygotes and unstable equilibria can theoretically arise, though generally this will lead to fixation of the commoner allele. In all three cases, the expected outcome is, of course, subject to modification if random drift is great enough to have a significant effect. We may finally note that, no matter what the value of h may be, the second outcome cannot occur when m =0: phenotypically the two homozygotes will depart equally from the optimum, albeit in opposite direction, and hence will show no difference in fitness.
Two loci Although we are assuming no epistasis of genes at different loci in their effects on the primary scale of the expression of the character, we must be prepared to find that they can show interaction in their effects on the relative fitnesses of the individuals. Where two gene pairs, A-a and B-b, are segregating with free recombination in a population the value of the mean expression of the character for each of the nine genotypes in the absence of epistasis will be the sum of the two corresponding values for loci A, a and B, b; and their frequencies in the population are assumed to be the products of the frequencies of the relevant A, a and B, b genotypes. Thus the equivalent of xt in the case of a single locus will be [da(ma+1)+ db(mb+1)]2 for AABB, whose frequency is taken to be This can conveniently be rewritten as d(ma+ 1)2+2dadb(ma+ l)db(mb+ 1)+d(mb+ 1)2.
Following our earlier procedure we can obtain: The first part of this expression is that already obtained in equation (2) for the single locus case. The second part reflects the effect of interaction with B-b on the reaction of A, a to stabilising selection. It will be noted that this interaction vanishes when the mean effect of B-b on the expression of the character is 0. Assuming that higher order interactions are small enough to be negligible and summing over all relevant loci this condition becomes S (mb+ ub-vb+2ubvbhb) =0, which is virtually the same as the condition, assumed in the single locus analysis, that the mean expression of the character is at the optimum: i.e.,
=O.
This expectation takes no account of linkage. It may be disturbed also by the quasi-linkage, or gametic disequilibrium, that can arise from epistasis in the determination of fitness, even in the absence of true linkage (Moran, 1964; Kimura, 1965) , though such a disturbance may be small. This remains a matter for future investigation.
EXPERIMENTAL EVIDENCE A number of experiments have been reported in which "stabilising" selection was applied for various characters in Drosophila (references in Mather, 1983) , but none of these is apposite to our present enquiry as the selection was for the mean value of the chaeta number and the results were related to changes in the variance, especially the additive genetic variance, of the population. Kearsey and Barnes (1970) The history of the Texas cage population is given by Caligari and Mather (1980) . In brief, the population was started with the progeny of 30 inseminated females caught in Texas in late 1965 and has been maintained as a cage population since early 1966. In 1967 some 100 inbreeding lines were initiated from it by single pair matings, and were maintained by single pair sib-matings. Most of the lines died out quickly, but 18 were still in existence some 10 years later. These provided the material for the analysis of the genetical architecture of sternopleural chaeta number to which we now refer.
Caligari and Mather (Lc.) discussed the question of whether, in the light of their observations, these 18 inbreds constitute a fair sample of the population and concluded that there was no observational reason for doubting that they do so, provided that we accept that in both the population and the inbreds the dominant alleles are preponderantly the common alleles for the relevant genes.
They took their analysis further by a half-diallel experiment using 11 of the inbreds as parents. In this they followed both the mean number of sternopleural chaetae averaged over flies reared at 18°a nd 25°C (character M), and the sensitivity of the chaeta number to the temperature difference (character S). Caligari (1981) carried out a similar half-diallel experiment using, however, 16 of the inbred lines as parents, but raising the flies only at 25°C. In addition to sternopleural chaeta number he also recorded the numbers of coxal chaeta on each of the front (F), middle (M) and rear (R) pairs of legs. The results relevant to our present discussion have been extracted from the two papers and are set out in table 1. All the variances and covariances had already been corrected for nonheritable effects by the original authors.
The results for the coxal chaetae are not presented in relation to the three different pairs of legs, F, M and R, but in terms of the three classes of genes, a, /3 and y, which Mather and Hanks (1978) postulated to account for the differences in chaeta number between them. a genes affect the chaeta numbers of all three pairs of legs; /3 genes affect those of the M and F legs but not the R; and y genes affect only those of the F legs. Assuming these three classes of gene, predictions can be made about the response of the F, M and R chaeta numbers to various forms of directional selection and these expectations were verified by Hanks and Mather (1978) : the three classes of gene effectively respond independently to selection. Caligari also reports that he found no covariation between the inbred lines in respect of their numbers of sternopleural chaetae and coxal chaetae on their F legs, Table 1 Data from the Drosophila haif-diallels reported by Caligari and Mather (C and M) and Caligari (C), relating to sternopleural chaeta number (St) and coxal chaeta number (Co). For sternopleural chaetae two characters, mean number (M) and temperature sensitivity (S), were followed and for coxal chaetae the components attributable to the a, 3 and y types of gene. The values of the four components of variation are given in the upper part of the table, and those of (v -u)h and its components in the lower part so suggesting that the number of sternopleural chaetae would respond to selection independently of the coxals.
The numbers of polymorphic loci making experimentally detectable contributions to the variation in sternopleural chaeta number was estimated to be 16 by Kearsey and Barnes, (Lc.) and Davies (1971) arrived at a closely similar number, 15, using a different technique and different material. These will be minimal numbers as one must assume that other polymorphic loci were present but making differences too small to be detected; but even with 15-16 loci the number of inbreds used in the experiments under discussion is too small for each locus to be making a fully independent contribution to the variances and covariances calculable from the diallel experiments: even some of the genes borne on different chromosomes may be correlated with one another in their transmission from the inbred parents to the F1's in the diallel, and this must be taken into account in interpreting the data from the experiments.
The design and analysis of diallel experiments are described in detail by Mather and Jinks (1982) .
For our present purposes we need only note that The numerical values of the four components observed by Caligari and Mather (1980) and by Caligari (1981) as we already observed in the previous section, and indeed we know from the two half-diallel experiments that dominance is ambidirectional.
This in turn reflects the expectation that ambidirectional dominance will be associated with stabilising selection and unidirectional dominance with continuing directional selection (Mather, 1960) . This distinction was borne out by observations on a variety of characters of the two kinds in Drosophila (Breese and Mather, 1960; Kearsey and Kojima, 1967) . With ambidirectional dominance the average value of h, when measured directly, will reflect the balance of the dominance in the two directions. It may indeed approximate to 0 in F1's from unselec-ted lines and even in F1's from two lines selected in opposite directions, so frequently leading to the assumption that dominance is absent. Whe, however, as in the present case, h is found as sign will play no part in estimating its value. It is of interest therefore that the value of h shows a striking consistency, ranging from O64 to O29 with an average of O453: indeed the two haif-diallels yield estimates of O439 and 0465 for dominance in the case of sternopleural chaeta number.
The value of 17i5, which cannot be <0 or > 025, is useful in two ways. In the first place, since uv forms part of the weighting factors, it tells us that where either u or v is small the gene difference in question will make a correspondingly low contribution to the weighted means that we must use in estimating the components of variation and that where u and v are more nearly equal, the gene difference will make a correspondingly large contribution to the weighted mean. We are however interested chiefly in the value of (v -u) h. An estimate of the magnitude of (v -u) can be obtained from though again it tells us nothing about sign. Now as uv tends to its maximum, O'25, (v -u) and with it (v -u)h tends to 0. Also the value of (v -u) is directly related to m. So when either m or h (or both) is small (v-u)h will be small, and the major contribution to the estimate of (v -u)h will thus depend chiefly on gene differences with intermediate values of h and m. The values of v-ui so derived are also given in table 1, and their mean corresponds to the commoner allele being approximately four times as frequent as the rarer one. Inspection of fig. 2 suggests that such an equilibrium would arise when mi lay preponderantly between 025 and 05 while Ihi lay preponderantly between 0 and 05 with h opposite in sign torn.
Knowing the values of hi and IiT=i7 we can obtain a synthetic estimate of (v -u)h, though its sign will not be known. The estimates so yielded by the data from the two half-diallel experiments again are given in table 1. If we assume that, as theoretical considerations lead us to expect, (v -u) and h are preponderantly of opposite sign, all the (v-u)h will be negative and can be compared for consistency with the direct estimate of(v -u)h.
The two estimates are not expected to be equal, partly because the first direct estimates drew on information from D and D alone, whereas the second draws on DR and HR also; and partly because the product of two means does not in general equal the mean of the individual products. The two estimates should nevertheless be correlated, as indeed they are, with r=0772 and P lying between 010 and 005, even though based on only six comparisons.
Thus the data from these two experiments display internal consistency when analysed in relation to our theoretical expectation, and they conform with these expectations, despite the experiments not having been designed specifically to test them.
CONCLUSION
The relation of the value of v -u to those of rn and h, on which it depends, is complex. Potentially it can have three possible outcomes according to the actual values of rn and h; (i) the production of a stable polymorphism where rn and h are such that the heterozygote deviates less from the optimum, and hence is fitter, than both homozygotes, (ii) the selective fixation of the allele giving the fitter homozygote, where the deviation of the heterozygote from the optimum, and hence its fitness, it intermediate between those of the two homozygotes, (iii) the situation where an unstable equilibrium is theoretically possible because the heterozygote deviates more from the optimum, and hence is less fit, than both homozygotes. This last situation must also generally lead to fixation of one allele, though not necessarily the innately fitter, because the commoner allele has a selective advantage over the rarer by reason of its greater frequency. Basically this is the situation which Kimura has discussed, and in which he recognises the effect of stabilising selection as potentially facilitating fixation by random drift.
Our concern has been chiefly with the production of balanced polymorphisms largely because their occurrence as an outcome of stabilising selection has been denied by earlier writers who assumed that the mean expression of the character was synonymous with the optimal expression, even when at the same time data already existed in the literature that could provide at least a first test of any conclusions that might be reached. No such data exist which would provide corresponding information on changes that lead to fixation. There is thus a need for further experiments of appropriate kinds.
Once it is accepted that the mean expression is at or close to the optimal expression, stable equilibria are expected to arise given certain relations between m and h and the experimental data agree with this expectation, as we have seen. Such polymorphism will conserve genetic variation and indeed under stabilising selection must play a major part in building up and conserving the pool of genetic variation that selection experiments have repeatedly shown to be a characteristic feature of wild populations. Transient polymorphisms will of course be generated by mutants which because they are moving towards fixation at the expense of their less fit progenitors, or because of random drift, have yet to attain fixation or elimination.
These, however, can hardly be making other than minor contributions to the genetic variance of characters such as abdominal and sternopleural chaeta number in populations in view of the very small increment that mutation has been found to add to the variance in each generation (Clayton and Robertson, 1955 ; and see reviews by Mukai, 1979, and Mather, 1983) .
The chance of a mutation affecting the expression of a character under stabilising selection, leading ultimately to a stable equilibrium and so contributing to the population's store of genetic variation, depends on the values of m and h that characterise its effects. When m lies outside the range -ito 1, stable equilibrium becomes possible only if there is an appropriate level of overdominance with h having sign opposite to that of m. The evidence from the two experiments that we have described offers no suggestion of overdominance, and we may therefore confine consideration (at least until evidence of overdominance appears) to the situation where m and h both lie between -1 and 1. As we have seen, the range of values of h that make stable equilibrium possible varies with m ( fig. 2) . At m = 0 any value of h between -1 and 1 is effective, but the further m moves from 0 the narrower the range of effective h value, until as m approaches 1 only values of h approaching -1, and vice versa, can lead to stable equilibrium. If we assume that all possible combinations in the values of m and h are equally likely to characterise the effects of a mutation, only half of them will offer the possibility of a stable equilibrium in twothirds of which m and h will be of opposite sign.
The other half of the combinations of m and h would be expected to result sooner or later in the fixation of one or other allele as a result either of steady selection in its favour or to the mutation having given rise to the situation which Kimura has discussed. It might be noted in passing, too, that barring overdominance all mutations giving m lying outside the range -ito 1 would lead to fixation for one or other of these two reasons. More mutations would therefore lead to either refixation of the original allele or fixation of the mutant than to stable equilibria. Such fixation of mutant alleles could clearly lead to increase in the differences between populations even where these were under the pressure of stabilising selection centred on the same optimum. But fixation could neither enhance nor assist in conserving the pool of genetic variation within a population, upon which must primarily depend adjustment of the character by response to any directional selection that might supervene.
The parameter d plays no direct part in determining whether stabilising selection will favour a stable equilibrium between the alleles or fixation of one of them. Nor does it play any part in determining the value of v -u and hence of (vu)h at any equilibrium that might be reached. d2 appears, however, in the common factor of the expression for zu (equation 3), and it will therefore affect the rate of approach to equilibrium and indeed the magnitude of the selective pressure on the alleles. It also appears, again with uv, in the common factor of the contribution that the locus in question makes to the additive genetic variation of the population. Since d is a characteristic of the mutation which produces the allelic difference it will not be constant over all the loci which contribute to the variation in expression of the character in question: indeed it may not even be
